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Sloan Digital Sky Survey II

• 3-year extension to the SDSS, which ended on July 2005

• 3 primary scientific components

• Legacy Survey - complete SDSS

• SEGUE - Galactic Survey

• Supernova Survey
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Outline

• Brief description of the Supernova Survey.

• Science goals.

• How we find supernovae and plan follow-up.

• Preliminary results from the 2005 run.

• Plans for 2006 (and 2007).
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Supernova Survey
• Use the SDSS 2.5m telescope
• during September 1 - 

November 30 of 2005-2007
• to scan 300 square degrees of 

the sky on a cadence of 2 days
• discover supernovae and obtain 

multi-color light curves

Apache Point Observatory
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Follow-up program
• Spectroscopic
• confirm type and measure redshift
• ARC (3.5m) - 33 half nights; HET (9.2m) - 65 hours of queue 

time; MDM (2.4m) - 40 nights; WHT (4.2m) - 6 nights; 
Subaru (8.2m) - 6 half nights

• Imaging
• fill in/out light curves (poor weather, faint sources)
• MDM (2.4m) - 40 nights; NMSU (1m) - many nights; UH88 

- 5 nights; VATT (1.8m) - 7 nights; WIYN (3.5m) - 2 half 
nights
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P. Astier et al, SNLS Collaboration: SNLS 1st Year Data Set 11
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Fig. 4 Hubble diagram of SNLS and nearby SNe Ia, with var-

ious cosmologies superimposed. The bottom plot shows the

residuals for the best fit to a flat Λ cosmology.

Using Monte Carlo realizations of our SN sample, we

checked that our estimators of the cosmological parameters are

unbiased (at the level of 0.1 σ), and that the quoted uncertain-

ties match the observed scatter. We also checked the field-to-

field variation of the cosmological analysis. The four ΩM val-

ues (one for each field, assuming Ωk = 0) are compatible at

37% confidence level. We also fitted separately the Ia and Ia*

SNLS samples and found results compatible at the 75% confi-

dence level.

We derive an intrinsic dispersion, σint = 0.13 ± 0.02, ap-
preciably smaller than previously measured (Riess et al. 1998;

Perlmutter et al. 1999; Tonry et al. 2003; Barris et al. 2004;

Riess et al. 2004). The intrinsic dispersions of nearby only

(0.15±0.02) and SNLS only (0.12±0.02) events are statistically
consistent although SNLS events show a bit less dispersion.

A notable feature of Figure 4 is that the error bars increase

significantly beyond z=0.8, where the zM photometry is needed
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Fig. 5 Contours at 68.3%, 95.5% and 99.7% confidence levels

for the fit to an (ΩM,ΩΛ) cosmology from the SNLS Hubble di-

agram (solid contours), the SDSS baryon acoustic oscillations

(Eisenstein et al. 2005, dotted lines), and the joint confidence

contours (dashed lines).

to measure rest-frame B − V colors. The zM data is affected by
a low signal-to-noise ratio because of low quantum efficiency

and high sky background. For z > 0.8, σ((B − V)rest f rame) "
1.6σ(iM−zM), because the lever arm between the central wave-
lengths of iM and zM is about 1.6 times lower than for B and V .

Furthermore, errors in rest-frame color are scaled by a further

factor of β " 1.6 in the distance modulus estimate. With a typ-
ical measurement uncertainty σ(zM) " 0.1, we have a distance
modulus uncertaintyσ(µ) > 0.25. Since the fall 2004 semester,

we now acquire about three times more zM data than for the

data in the current paper, and this will improve the accuracy of

future cosmological analyses.

The distance model we use is linear in stretch and color.

Excluding events at z > 0.8, where the color uncertainty is

larger than the natural color dispersion, we checked that adding

• Type Ia supernovae (SNe)
• spectroscopically confirm and 

obtain “well-measured” light 
curves of ~200 SN Ia from z = 
0.05 ~ 0.4 (”redshift desert”)
• bridge low-z (z<0.05; LOSS, 

SNF) and high-z (0.3<z<1.0; 
ESSENCE, SNLS) sources
• understand and minimize 

systematics associated with use 
of SN Ia as distance indicators
• SDSS well-understood 

wavelength response

Science goals

Tonry et al. (2003)

Astier et al. (2005)
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• Type II
• find type II out to z~0.2
• can we use them as standardized candles (Hamuy & Pinto 

2002)?

• Type Ibc
• only a handful of well-studied objects
• gamma-ray burst (GRB) association

• Other transients
• rare types of SNe (peculiar Ia, Ibc hypernova, etc.)
• asteroids, KBOs, AGNs, variable stars
• strange transients
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• A “good” full night of imaging results in:
• 200 GB of reduced images
• gri frames run through a frame subtraction program on 

dedicated cluster at APO
• register images, match PSF, zeropoint scaling, etc.

• search for statistically significant deviations
• dump known variables, moving objects

• ~4000 objects transfered to Fermilab for human to scan
• ~600 of them tagged as SNe
• ~300 new “SNe” per night

add fake SNe

veto catalog

SN candidates
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search template differenced
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Photometric Typing

• All of the SN candidates are run through a multi-band 
light curve fitting code
• template light curves generated from multi-epoch model 

spectra (Peter Nugent) and real spectra of other well-observed 
historical SNe (SUSPECT database)
• Ia, Ia-pec, II-P, II-L, IIb, Ibc, Ibc-hyp
• fit parameters = redshift, extinction, stretch for Ia
• fit observed light curves and find best-matching ones for each 

SN type
• repeat nightly

http://supernova.lbl.gov/~nugent/nugent_templates.html
http://bruford.nhn.ou.edu/~suspect/index1.html
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SN Ia light curves
• Peak ~ 20 days after the 

explosion.
• Decay on a similar timescale.
• Plateau at late time.
• Secondary peak in the red.

Carnegie Supernova Project (CSP)

http://csp1.lco.cl/~cspuser1/CSP.html

IaII-P
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http://www.nd.edu/~kkrisciu/supernovae.html

Type Ia SNe are not standard candles;
they are standardizable
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• Also use SDSS galaxy catalog and search for the 
nearest host galaxy candidate
• photo-z as prior
• estimate contamination by galaxy light
• estimate dust extinction (morphology, colors, etc.)

• This narrows down the ~300 new SN candidates to 
~10 “good” targets for spectroscopic follow up.
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• Our run ended last night!
• 115 spectroscopically 

confirmed SN Ia
• 12 probable SN Ia
• 7 SN II (4 type IIn)
• 5 SN Ib/c (3 hypernovae)
• 5 AGN
• ~hundreds of other 

unconfirmed SNe with good 
light curves

• Focused on Ia

Results from Fall 2005
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~500 additional SN Ia candidates 
with good light curves
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SN2005hk SN2005ja

Ia-pec
z=0.0131

Ia
z=0.322
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preliminary light curves



20

MDM

HET ARC

MDM
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Peculiar SNe

• Large survey area -> catch 
and select peculiar objects
• Can be color-typed if 

photometrically distinct:
• underluminous 1991bg-like Ia
• overluminous 1991T-like Ia
• Ib/c hypernovae
• IIn?
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Hypernovae and GRB

Matheson et al., 2003, GCN 2107, 2120
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• Discover Ibc hypernovae in 
the optical
• Radio follow-up
• Search for gamma-ray flux 

from Swift
• X-ray follow-up if caught 

early
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Plans for 2006
• Automate scanning process and minimize human 

interaction
• allows us to put in more fakes - efficiency calibrator for 

population studies, etc.

• Find and follow up other types of SNe: II-P, IIn, Ibc, 
Ia-pec
• Densely-sampled multi-epoch spectroscopy of 

selected nearby targets
• search for spectral sequence
• help reduce dispersion of Ia as distance indicators
• rare types


